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Summary and Purpose of Document
A part of  COST Action ES0702)  EG-CLIMET http://www.eg-climet.org A Special Working Group was formed to look at the “Harmonisation of European automatic lidar and ceilometer network calibrations, recording formats and archiving protocols”. As part of these activities it was agreed that a common BUFR format should be agreed for these data. Subsequent discussions have resulted in a first draft of the ‘raw’ data template which is currently under review by the LIDAR experts. As you will see there are still some questions to be answered regarding the range of measurements which we hope to address soon.

________________________________________________________________

ACTION PROPOSED
At this early stage we would only like comments on the concept of the template and not detailed discussion on the individual descriptors. It would be useful for representatives to go back to their respective countries if there is an expression of interest in these data and contributing to this template. 
References:

   [1] Manual on Codes, WMO-No. 306, Volume I.1 and I.2.

   [2] http://www.wmo.int/pages/prog/www/WMOCodes.html
1. Purpose of this Template

This proposal is split into 2 parts. The first details a proposed format suitable for the ‘RAW’ data which will be suitable to multiple LIDAR types. The second is based on the format proposed for the Wind Profiler ‘product’ data (submitted in a separate document). We have called this ‘Common active sensing product data template’. Note that this format is also being discussed so we are not yet in a position to ask for any of the templates to be validated.
2. Background 

Automatic LIDARS’s and ceilometers can be used to evaluate NWP models either by retrieving geophysical parameters (eg. extinction profiles, cloud base heights and mixing heights) or by comparison with simulated backscatter profiles (based on forward operators). Assimilation of backscatter profiles in NWP model is also a possible objective. Other users concern data for air traffic and security, such as cloud base height, aerosol layers and their properties. Having a BUFR template agreed will ensure that data will be in a format suitable for international exchange. 
3. Proposal
The following has been taken from existing BUFR descriptors, the ones highlighted in blue will require changes to the existing code tables. Any new descriptor are indicated in red. 

PART 1 - Raw data template  
Desciptor D   Descriptor B   
Element  


Unit        

scale   
ref value      data width (bits)
Comments

3 01 001
0 01 001

WMO BLOCK NUMBER


NUMERIC

0
0

7

0 01 002

WMO STATION NUMBER



NUMERIC
0
0

10

3 01 021
0 05 001 
LATITUDE (HIGH ACCURACY) 


DEGREE 
5 
-9000000 
15

0 06 001 
LATITUDE INCREMENT (HIGH ACCURACY) 
DEGREE 
5 
-9000000 
15

0 07 001 
HEIGHT OF STATION



M 

0 
-400 

15

3 01 011
0 04 001 
YEAR 





YEAR 

0 
0 
  
12

0 04 002 
MONTH 





MONTH 

0 
0 

4

0 04 003 
DAY 





DAY 

0 
0 

6

3 01 013`0 04 004 
HOUR 





HOUR 

0 
0 

5

0 04 005 
MINUTE 




MINUTE 
0 
0 

6

0 04 006   
 SECONDS




SECONDS
0
0

6

0 08 021

TIME SIGNIFICANCE



CODE TABLE
0
0

5
2 = Time average

0 04 026

TIME PERIOD OR DISPLACEMENT

MINUTE

0
-4096

13 
see note 2

0 02 121

MEAN FREQUENCY



HZ

-8
0

7
see note 3


Vertical Offset angle




DEGREES




SEE NOTE 1



LIDAR Instrument type




CCITT IA5
0
0

64

Instrument Software version



CCITT IA5
0
0

96

Processing software version



CCITT IA5
0
0

96

Range






M



Field of view





RADIANS


Divergence





RADIANS

Replication based on number of wavelengths – n=1 – 16 – is separate descriptor (number of wavelengths also required??)


Wavelength





METERS


Pulse Duration





SECONDS

Replication based on number of detectors – n=1 – 32 – is separate descriptor (number of detectors also required??)


Receiving wavelength




METERS


Polarity






BOOLEAN


Detector






BOOLEAN

Replication details – this is standard for most messages containing multiple data

1 01 000
Delayed Replication of 1 descriptor - 1 XX YYY this ignores the first replication.

0 31 002
Extended delayed descriptor replication factor  (Numeric)

0 07 007 
HEIGHT 





M 

0 
-1000 

17
See note 4

Overlap function
Energy per pulse


Pulse Repetition Rate
 
0 21 xxx
ATTENUATED LIDAR BACKSCATTER 

M-1 SR-1  
2
-10000000
25
See note 5



NEW DESCRIPTOR REQUIREMENTS

Vertical Offset angle
- Angle between zenith and instrument.  Ceilometers are offset from vertical to prevent specular reflection from ice clouds – 

Typical value - 4.0
Range – 0.1 – 10.0?

LIDAR Instrument type - Character field?  Or id, for example 0=LD40, 1=CT25k, 2=CL31, 3=CT75k, 4=CL51, 5=CHM15k, 6=Nimbus, etc

This would be best as a character field to allow the easy expansion of new instruments

Typical value – CHM15K
Range – 10 Characters?

Instrument Software version - Version number of manufacturers firmware used at instrument.

Typical value – CHM15K
Range – 10 Characters?

Could we use 0 25 061 ??? and incorporate into below
Processing software version - Version number of processing software used to create BUFR file
Could we use 0 25 061 ??? and incorporate into above
Range - Should this be a profile of n elements long describing the height of each observation?  Or simply two variables, n gates and gate width dz
Field of view - Angle viewable by instrument

Divergence - Angular extent of the beam
Replication based on number of wavelengths – n=1 – 16 – is separate descriptor (number of wavelengths also required??)

Wavelength - Wavelength of the emitted pulse
Pulse Duration - Length of time pulse is emitted for
Replication based on number of detectors – n=1 – 32 – is separate descriptor (number of detectors also required??)

Receiving wavelength - 

Polarity - 

Detector - Only photovoltaic or photoncount, so could just be boolean, i.e photoncount = true, photovoltaic = false
DATA VALUES

Overlap function
Energy per pulse


Pulse Repetition Rate

 
0 21 xxx
ATTENUATED LIDAR BACKSCATTER 

M-1 SR-1  
2
-10000000
25
See note 5
PART 2 - Common active sensing product data template – (condensed version to be standardised with Wind Profiler data) 

A Table D descriptor would assigned for the whole template (3 xx xxx)  known as the ‘common active sensing product data template) which would also be used to record the meta data for LIDARNET.

Desciptor D   Descriptor B   
Element  


Unit        

scale   
ref value      data width (bits)
Comments

3 01 001
0 01 001

WMO BLOCK NUMBER



NUMERIC
0
0

7

0 01 002

WMO STATION NUMBER



NUMERIC
0
0

10

3 01 021
0 05 001 
LATITUDE (HIGH ACCURACY) 


DEGREE 
5 
-9000000 
15

0 06 001 
LATITUDE INCREMENT (HIGH ACCURACY) 
DEGREE 
5 
-9000000 
15

0 07 001 
HEIGHT OF STATION



M 

0 
-400 

15

0 02 003

TYPE OF MEASURING EQUIPMENT USED

CODE TABLE
0
0

4
see note 1

3 01 011
0 04 001 
YEAR 





YEAR 

0 
0 
  
12

0 04 002 
MONTH 





MONTH 

0 
0 

4

0 04 003 
DAY 





DAY 

0 
0 

6

3 01 013`0 04 004 
HOUR 





HOUR 

0 
0 

5

0 04 005 
MINUTE 




MINUTE 
0 
0 

6

0 04 006   
SECONDS




SECONDS
0
0

6

0 08 021

TIME SIGNIFICANCE



CODE TABLE
0
0

5
2 = Time average

0 04 026

TIME PERIOD OR DISPLACEMENT

MINUTE

0
-4096

13 
see note 2

0 02 121

MEAN FREQUENCY



HZ

-8
0

7
see note 3





Replication details – this is standard for most messages containing multiple data

1 01 000
Delayed Replication of 1 descriptor - 1 XX YYY this ignores the first replication.

0 31 002
Extended delayed descriptor replication factor  (Numeric)

DATA SPECIFIC TO LIDAR
Descriptors to be repeated (the number will depend on the number of replications as detailed above)

0 07 007 
HEIGHT 





M 

0 
-1000 

17
See note 4

 
0 21 xxx

ATTENUATED LIDAR BACKSCATTER 

M-1 SR-1  
2
-10000000
25
See note 5
NOTES
1) 0 02 003 – Add new code table for LIDAR (or  perhaps multiple to cover different types of LIDAR’s)

2) 0 04 026 – We would prefer to use a separate descriptor to state the time stamp is at ‘start’, ‘middle’ or ‘end’ of the reporting period – this is not used correctly for some wind profiler data so could also cause confusion with other data types.

3) 0 02 121 – For LIDAR data it would be more appropriate to use wavelength (022075 ‘average wavelength’ could be used instead?) – due to the frequency range it will be necessary to change the scale and data widths to suit the ranges required using 201xxx and 202xxx modifiers.

4) 0 07 007 – For height use class 7 (Location – vertical) as this is the most applicable

5) 0 21 xxx –  A new descriptor (class 21?) ATTENUATED LIDAR BACKSCATTER – this will be used to store the raw backscatter data which will be the same for all LIDAR’s
Measurements will be between values 10-E4 – 10-E7) – possibly increase this range???

General notes:

For Wind profiler data we have proposed that an ‘uncertainty’ value is used to give the user an indication of how reliable each measurement is together with a new descriptor for ‘Vertical Resolution’ which will replace ‘range gate length’ which we have found is often misinterpreted.

We may also want to include the following information – although this might be better placed in the ‘raw’ template

· beamwidth

· pulse length

· laser wavelength
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